ABSTRACT. Hyperglycemia is common in critical patients and high blood glucose levels have a negative effect on their prognosis. The aim of this study was to investigate the effect of hyperglycemia and glycosylated hemoglobin (GHb) in critical patients. A total of 648 critical patients were enrolled in the study and received a random blood glucose test when they entered the emergency department. If blood glucose was more than 11.1 mM, a GHb test was followed within 24 h. All patients were followed up for 28 days. According to diabetes mellitus (DM) history, GHb value, and outcome of follow-up, patients were divided into different groups, and mortality rates were calculated, respectively. Hyperglycemia was found in 67.44% (437/648) of patients, and 51.49% (225/437) and 48.51% (212/437) had normal and elevated GHb levels, respectively. At the end of the follow-up period, 14 of the normal GHb patients and 32 of the elevated GHb patients died (6.22 and 15.09%, respectively). In the normal GHb group, 53 had a DM history, 23 were newly diagnosed with DM, and 149 had hospital-
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INTRODUCTION
Hyperglycemia is common in hospitalized patients, and is generally associated with adverse outcomes (Capes et al., 2000) . In our emergency department, especially in emergency intensive care units, more patients were found with hyperglycemia, regardless of whether or not they had a history of diabetes mellitus (DM). It is generally considered that hyperglycemia is most often seen in patients with a DM history, and that such patients would display a worse prognosis when hospitalized compared to those without DM (Guvener et al., 2002) . However, cases of new onset hyperglycemia without DM history in-hospital have been increasing, and these patients also suffered higher risks for increased in-hospital morbidity and mortality compared to those without hyperglycemia (Bolk et al., 2001; Norhammar et al., 2002; Umpierrez et al., 2002) .
It is well known that patients with high blood glucose levels suffer poorer outcomes. However, would critical patients with hyperglycemia suffer the same outcome? Which factors would be the most important to consider? What should be the next course of action? Our objective of this study was to answer these questions by performing a retrospective analysis in the hopes that the results of our study might provide more support to our proposal.
MATERIAL AND METHODS

Patients
A total of 648 critical patients (APACHE II score > 25) were enrolled in this study between November 2009 and April 2011. The following patients were excluded: under 18 years of age, pregnant, blood diseased, diagnosed with hyperthyroidism, gastrointestinal bleeding, cancer, or uremia, surviving no longer than 24 h after cardiopulmonary resuscitation, physically injured, or chemically poisoned (Knaus et al., 1985) . Of the 648 patients, 347 were male and 301 were female, and the mean age was 65.43 ± 11.21 years. The patients suffered from various different diseases such as acute pancreatitis (4, 0.62%; 2 of them received operations), diabetic ketoacidosis (11, 1.70%), diabetic hyperosmolar coma (6, 0.93%), acute obstructive suppurative cholangitis (2, 0.31%; all received operations), acute coronary syndrome (146, 22.53%), severe dysrhythmia (25, 3.86%), acute heart failure (98, 15.12%), post cardiopulmonary resuscitation (17, 2.62%), severe pneumonia or unexplained infection (119, 18.36%), acute exacerbation of chronic bronchitis (107, 16.51%), and acute cerebrovascular disease (113, 17.44%; 12 received operations).
Experimental methods
The fast random blood glucose test was instantly conducted on each of the 648 cases when they were admitted to the emergency department, and hyperglycemia was found in 437 of them based on the criterion of blood glucose ≥11.1 mM (McCowen et al., 2001) . All patients received a whole blood glycosylated hemoglobin (GHb) test in the first 24 h after admission, and all relevant data, including age, gender, history (especially concerning DM history and its regular treatment), were collected. During in-patient treatment, blood glucose levels were maintained between 8-10 mM (Hoshino et al., 2010) . Follow-up over 28 days was conducted through telephone or visiting. Information related to the DM diagnosis, including those with a DM history, those newly diagnosed by an endocrine specialist, and those whose diagnoses were unclear at the end of the study (recorded as non-DM), and the number of deaths were recorded. According to the follow-up data and the GHb values, the 437 hyperglycemia cases were divided into a history of DM group, a newly diagnosed DM group, and a hospital-related hyperglycemia (HRH) group. Each group was further divided into two subgroups according to their GHb values (GHb <7% = normal and GHb ≥7% = abnormal). Mortality rates were calculated respectively in each group and subgroup ( 
Statistical analysis
All data were analyzed with SPSS16.0. Measurement data are reported as means ± standard deviation, and count data are used to describe mortality. The χ 2 test was used for comparisons among groups, and P < 0.05 was considered to be a statistically significant difference.
RESULTS
Of the 648 critical patients meeting the criteria for enrollment in the study, 437 were found to suffer from random hyperglycemia. Of the 437 hyperglycemic patients, 225 patients (123 male and 102 female, aged 62.57 ± 13.83 years) had normal GHb levels, 14 of which died before the end of the 28-day follow-up period (accounting for 6.22%). The other 212 hyperglycemic patients (117 male and 95 female, aged 67.78 ± 14.66 years) had elevated GHb levels, and 32 of them died before the end of the 28-day follow-up period (accounting for 15.09%). There was no statistically significant difference in the average age or gender composition between these two groups (P > 0.05), but mortality rates did differ significantly (P < 0.01). Of the 437 hyperglycemic cases, 167 had a history of DM (38.22% of hyperglycemic patients; 25.77% of all patients), 106 were given a new DM diagnosis (24.26% of hyperglycemic patients; 16.36% of all patients), and 164 were diagnosed with HRH (37.52% of hyperglycemic patients; 25.31% of all patients).
The mortality rates over the 28-day follow-up period were compared among groups according to the GHb value (Table 1) . Mortality was significantly higher in the elevated GHb group than that in the normal GHb group (P < 0.05). In normal GHb cases, those who had a history of DM suffered the highest mortality (11.32%), while those with HRH suffered the lowest mortality (4.03%); there was a significant difference in mortality among these three sub-groups (P < 0.05). In elevated GHb cases, those newly diagnosed with DM suffered the highest mortality (19.27%), while those with HRH suffered the lowest mortality (6.67%); there was also a significant difference in mortality among these three sub-groups (P < 0.01).
DISCUSSION
Regulated by the neuroendocrine system, energy metabolism for critical patients in acute exacerbation will change through the effect of hormones, interference of cytokines, resistance of insulin, and by other means (Grimble, 2002; Marette, 2002; Albrecht et al., 2004; Leonidou et al., 2007) . In such situations, high blood glucose levels and high catabolism are commonly observed. This type of blood glucose increase is referred to as stress hyperglycemia, which usually occurs in three types of patients: those with a history of DM, no DM history but newly diagnosed with DM, and those with HRH. HRH is defined when patients' fasting blood glucose increased (≥6.99 mM) or random blood glucose increased (≥11.10 mM) once referred to the hospital, but recovered to normal blood glucose levels following discharge. High blood glucose levels could adversely affect the body and its functions in various ways: 1) decrease the condition of the internal environment through osmotic diuresis, especially original electrolyte disorders; 2) accelerate the occurrence of multiple organ dysfunction, as many organs (heart, brain, liver, kidney, etc.) become damaged through lactic acidosis, increase of NO, endothelial cell injury, and so on; 3) exacerbate the inflammation and endothelial injury by taking part in the systematic inflammatory response and further disrupting the balance between inflammation and pro-inflammation; 4) damage the immune system by inhibiting the function of white blood cells and the complement activity (McMahon and Bistrian, 1995; Cosio et al., 2005; de Rekeneire et al., 2006) . Therefore, the blood glucose level plays an important role in the status assessment for critical patients, and is one of the independent hazardous factors that affect their prognosis.
The occurrence of stress hyperglycemia in critical patients is associated with various factors. For those with a history of DM, irregular therapies or inappropriate diets would cause high blood glucose, especially under stressful conditions. This might also occur in HRH cases and in those with "latent diabetes," that is, patients who did not have a recorded history of DM, but were newly diagnosed with DM during our treatment course. Stress hyperglycemia is very common in critical patients. In this study, 67.44% (437/648) of critical patents suffered from stress hyperglycemia, which suggested that it was important to monitor the blood glucose level of critical patients. GHb is one of the important clinical indicators for diagnosing DM. It reflects the condition of blood control in the most recent 4 to 12 weeks, which, when combined with immediate blood glucose levels, would yield a greater clinical significance and could be one of the most important indicators in DM diagnoses (Selvin et al., 2004) . In this study, 197 of the 212 patients with elevated GHb levels were ultimately diagnosed with DM (accounting for 92.92%), suggesting that GHb is a very sensitive marker for DM diagnosis. Among the 270 random hyperglycemia sufferers with no DM history, 172 showed normal GHb levels, and 23 were ultimately diagnosed with DM, accounting for 13.37%. Elevated GHb levels were observed in the remaining 98 critical patients, 83 of whom were ultimately diagnosed with DM, accounting for 84.69%. In all 437 patients with random high blood glucose levels, the 28-day follow-up mortality was significantly higher in the elevated GHb group (15.09%, 32/212) than in the normal GHb group (6.22%, 14/225) (P < 0.01). This result suggested that it was beneficial to disclose and diagnose DM early by detecting the GHb levels for critical patients, and also suggested that patients with elevated GHb levels would suffer worse prognoses than those with normal GHb levels. This may result from the direct hazards and increased possibilities of wound and lung infections caused by high blood glucose.
In this study, patients with different GHb levels had different prognoses. For cases with normal GHb levels, those with a history of DM suffered the highest mortality, whereas those with HRH suffered the lowest. This is possibly owing to the fact that those with a DM history might have controlled their blood glucose levels well more recently, and their longterm DM condition resulted in their organs being overworked, thus causing further damage, which might have affected the prognosis. This might be the reason explaining why patients with a history of DM suffered the worst prognosis among all patients with normal GHb levels. For those with elevated GHb levels, newly diagnosed DM patients suffered the highest mortality, whereas the HRH patients suffered the lowest. Because the newly diagnosed DM patients were unaware of their blood glucose conditions, and therefore took no appropriate measures to control it, they were more likely to suffer from high blood glucose poisoning over a longer time period. Once they suffered from acute disease, they could not tolerate the further damage, and ultimately suffered from a poor prognosis. By contrast, because patients with a history of DM were fully aware of their own condition, they received effective therapies, and had better prognoses, even though they also suffered from relatively high blood glucose levels. Therefore, newly diagnosed DM patients would benefit more from increased attention and intervention in controlling blood glucose levels. The incidence of elevated GHb levels was higher in newly diagnosed DM patients (78.30%, 83/106) than that in the HRH patients (9.15%, 15/164), and regardless of the GHb value, the mortality of the HRH group was relatively low. Therefore, it was very important to detect the GHb value in patients who had no DM history but showed random high blood glucose levels. In addition, in order to improve the prognosis, patients with elevated GHb levels should be treated in the same way as those with DM with respect to receiving blood glucose control treatment.
For critical patients with hyperglycemia, insulin therapies might be the most effective way to control the blood glucose level. By controlling blood glucose levels, body metabolism might be adjusted, which would be of benefit (van den Berghe et al., 2001) . Other therapy programs, such as C peptide, corticotrophin releasing factor, and so on, might also prove to be beneficial in the future (Hager et al., 2004; Kimura, 2005) .
In our study, we concluded that hyperglycemia and GHb might play important roles in the prognosis and assessment of critical patients, and that the prognosis would vary according to the specific reasons contributing to the hyperglycemia. Therefore, random blood glucose levels should be tested for all critical patients, and should be performed as soon as possible in the emergency department. The GHb test should be followed if the blood glucose value is abnormal, and blood glucose control should be followed in-hospital. Our data may add to the evidence supporting these views.
There are some limitations of the study. We conducted a 28-day follow-up in all patients enrolled in our study, and considered those patients whose DM diagnoses were still unclear at the end of the study as non-DM patients. Therefore, the study might have been more complete if we had prolonged the follow-up time. We here demonstrated the potential value of testing for hyperglycemia and GHb levels in critical patients by analyzing the data of outcome and history of DM. However, we neglected the effect of some other factors, such as cardiovascular factors, pulmonary factors, and so on, which might also affect the prognosis (Nakamura et al., 2009; Ichiki et al., 2010) . Furthermore, the exact mechanism underlying the effects of hyperglycemia and elevated GHb levels on the prognosis of different patients remains unknown. The potential value of other factors will be addressed in future studies.
